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La presente invention concerne un precede potir la 
preparation d'une composition a base de tricnlorure de titane 
utilisable dans la polymerisation d 'hydrocarbures non satures, 
les compositions ainsi preparees, leur utilisation ..dans des po- 
5 lymerisations et les polymeres ainsi obtenus. 

D'apres le brevet E.U.A* N** 1 120 079, il est connu 
de preparer une composition a base de TiCl^ en ajoutant du 
TiCl^ a un trialcoyl aluminium a une temperature inferieure a 
245°K et en portant ensuite la temperature au-dessus de 355^E» 

10 Avec ce catalyseur tres actif, des 1-alcenes, en particulier le 
propene , peuvent §tre polymerises pour donner des produits 
stereospecifiques ayant une masse volumique apparente elevee, 
ce qui permet de Tortes concentrations de polymere a I'etat de 
bouillie dans un diluant. On a trouve, toutefois, que les par- 

15 ticules de polymere peuvent avoir une Xorme . irreguliere , avec 
pour resultat une fluidite insuf xisante de la poudre de poly- 
mere. De plus, une telle poudre est constituee principalement 
de tres fines particules, donnant une poudre qui forme une 
poussiere. Ces proprictes constituent un inconvenient dans la 

20 manipulation dans 1 'installation si la poudre de polymere doit 
Stre vendue telle quelle, c*est-a-dire sans trait ement prea- 
lable dans une boudineuse pour formation d* elements extrudes. 

On a maintenant trouve un precede poiir la preparation 
d'une composition a base de TiCl^ qui permet la preparation de 

25 polymeres stereospecifiques d'alcenes ne formant pas de pous- 
siere, ayant une masse volximique apparente elevee, avec un haut 
rendement. Ce precede comprend les etapes suivantes : (a) reduc- 
tion de tetrachlorure de titane par addition d'au moins 0,9, de 
preference au moins 0,95 et de preference de 2,2 a 5,35 parties 

30 molaires de tetrachlorure de titanod 1 partie molaire de tri- 
alcoylaluminium a une temperature inferieure a 220°K, (b) ele- 
vation de la temperature a une valeur comprise entre 220 et 
270°K, (c) addition dans cet intervalle de temperature d'une 
quantite supplementaire de tetrachlorure de titane representant 

35 au moins 5 % du TiCl^ utilise dans I'etape (a) et reglage, si 

necessaire, de la quantite totale de monohalogenure de dialcoyl- 
aluminium de maniere qu'on obtienne un rapport molaire du TiCl^ 
a I'halogenure de di ale oyl aluminium compris entre 2:1 et 1:2, 
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en particulier entre et 1:1,2 et (d) elevation ensuite de 

la tenperature au-dessus de 290*=*L. 

L'etape (a) est conduire a une temperature inTerieure 
a 220°K, coFimodement dans des diluants ou solvants inertes. La 
temperature pent §tre aussi basse que de -120*'K,un intervalle 
prerere etant celui de 1pO a 21C^r:. Avant 1 ' introduction de 
TiCl^ et de AIR^, le recipient a reaction, y compris son cou- 
vercle, est de preference refroidi a la temperature de reac- 
tion desiree inferieure a 220^K^ Les diluants et solvants sont 
habituellement des hydrocarbures satures qui sont liquides a la 
tenperature de reaction (T) desiree, comme le pentane, I'hexane 
et 1 'heptane. Les hydrocarbures aliphatiques et letirs melanges 
sont prefer^s,. Le point d'ebulliticn atmospherique du diluant 
ou solvant est de preference compris entre 290 et ^OO^K, En 
15 particulier dans la partie inferieure de 1' intervalle de tempe- 
rature de reaction, c»est-a-dire au-dessous de 180°K, on uti- 
lise commodement des alcanes ayant un point de congelation 
(sous la pression atmospherique) au-dessous de (T-5)^K et ayant 
au moins deux atomes d'hydrogene fixes sur le mgme atome de 
20 carbone ou sur des atomes de carbone differents voisins des 

atomes de carbone terminaux de la plus longue chatne de carbone. 
Le point de congelation de ces alcanes est de preference au- 
dessous de (T-15)*'K. Des exemples de diluants utilisables aux 
basses temperatures sont le n-butane , le 2-methylbutane et le 
25 n-pentane« 

Le TiCl^ doit Stre aj'oute progressivement au trial- 
coylaluminium (AlE^). La vitesse d' addition est determinee prin- 
cipalement par la vitesse a laquelle la chaleur de reaction 
peut §tre dissipee. Toutefois, m§me quand le refroidi ssement 
est suffisant pour maintenir les basses temperatures, la vi- 
tesse d'addition aura une influence sur les prop rietes du- TiCl-. 
former II est avantageux que 1 'addition soit prolongee a une 
peri ode d'au moins 15 minutes, de preference comprise entre 0,5 
et 5 heures. Le TiCl^ peut §tre ajoute sous la forme d'un cou- 
rant continu, mais il est ajoute d'une nani ere plus satisfai- 
sante goutte a goutte par pulverisaci o;: ou ruissellement . 

Une agitat^ion •?nergiGue du r.elan.re reactionnel est 
souhaitable. Generale:r.ent, la puissance specificue d'agitation 
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determinee apres achevement de I'additioa de TiCl^ doit Stre 
maintenue entre 50 et 2000 watts paj? metre cube (du contenu 
liquide du reacteur), en particulier entre 80 etSOO W/m^. La 
puissance d^agitation est determinee par me sure du- couple du 
5 motexir d'entraanement et de la vitesse du rotor, comme decrit 

dans Chemical Engineering Progress ft§ (^950) 395-^0^ et ^67-^77. 
II est recommande qu'il n*y ait pas de deflecteurs dans le re- 
cipient a reaction* De preference, on utilise des agitateurs a 
grande vitesse, par example des agitateurs-turbine , qui ba- 
10 layent un volume de moins de 10 % du volume interieur du reci- 
pient et tournent avec une vitesse des extremites de plus de 
0,5 m/s. 

Dans I'etape (a), de prererance de 2,3 a 2,85 parties 
molaires de TiCl^ et une partie molaire de AIR^ sont mises en 

15 contact au-dessous de 220^K* Des concentrations initiales uti- 
lisables du AIR^ sont comprises entre 0,1 et 3, en particulier 
entre 0,5 et 1 mole par litre. Le TiCl^, egalement, est de pre- 
ference ajoute sous la forme d'une solution dans un alcane li- 
quide, commodement a une concentration comprise entre 1 et 3 

20 moles par litre. Avant d'etre a^oute, le TiCl^ dilue pent Stre 

refroidi, mais de preference pas au-dessous de 2^0*'K, de maniere 
a empScher toute precipitation de TiCl^ solide. 

Dans I'etape (b) , la temperature du melange de reac- 
tion de I'etape (a) est portee a una valeur comprise entre 220 

25 et 270*'K, de preference entre 230 et 255''K, II est soxihaitable 
de maintenir la puissance specif ique d* agitation durant les 
etapes (b) , (c) et (d) comprise dans I'intervalle indique de 
• 50 a 2000 W/m^. 

A des temperatures inferieures a 220^K, la reduction 

30 de par exemple 2,2 a 2,35 parties molaires de TiCl^ par 1 par- 
tie molaire de trialcoylaluminium se produit generalement selon 
1' equation : 

(2,2-3,35) TiCl^ + AIR5 9 TiCl^^ (i ,2-2 ,35)a;iCl^+AlR2Cl- 

En consequence, dans le produit de reaction de I'etape (a), le 
35 rapport molaire de TiCl^ a AlRgCl sera compris dans ce cas 

entre 1 2 et 2,35, c'est-a-dire deja partiellement dans I'inter- 
valle necessaire pour I'etape (c). Le chauffage du produit de 
I'etape (a) a une temperature comprise entre 220 et 270''K, tou- 
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tefois, ne produit pas I'effet desire selon l^invention. II 
s'est revele necessaire d'ajouter dans I'etape (c) xme quantite 
^-..^..plementaire de TiCl^ et de regler la quantite de AlRgCl, si 
necessaire, pour qu'on obtienne l*effet desire. Toutefois, en 
5 elevant la temperature apres I'etape (a) a une valeur de plus 
de 290°K:, il est possible de completer la reduction selon Ine- 
quation : 

(1,2-2,55)TiCl^+AlR2Cl » TiCl^+(0,2-1,35)TiCl^+AlECl2. 

Tout TiCl^ restant sera reduit comme soiit : 

10 a;iCl^+AlRCl2 > TiCl^+AlCl^ . 

Une fois cette reduction tenninee, la temperature doit Stre 
ramenee a une valeur comprise entre 220 et 270^K (etape (b)). 
Ensxiite, on conduit 1 'etape (c) en ajoutant a cette ter era- 
ture au moins 5 % de la quantite de TiCl^ utilisee dans 1' etape 

15 (a), la quantite de AIR2CI etant reglee au niveau desire. 

Ainsi, dans 1* etape (c), on ajoute une quantite sup- 
plementaire de TiCl^ et on la fait reagir-avec un halogenure 
de dialcoylaluminium (AlRgHal), le rapport molaire de TiCl^ a 
AlR2Hal etant de preference compris entre 1:0,65 et 1:0, 85, 

20 Un rapport TiCl^/AlR2Hal tres approprie est d« environ 1:0,75. 

II sera evident que pour le calcul de ce rapport, on 
doit tenir compte de toutes les quantites de TiCl^ et de 
AlRgHal, c»est-a-dire les ''quantites restantes"- de 1' etape (a) 
et les quantites aj'outees durant les etapes (b) et (c). 

25 Si apres !• etape (a) on complete la reduction en ele-^ 

vant la temperature a une valeur de plus de 290**K et en la rame- 
nant ensuite a une valeur comprise entre 220 et 27D**X, la quan- 
tite restante de TiCl^ et de AlR2Hal sera plus petite . (voir 
les equations donnees ci-dossus). Ces calculs out seulement 

30 pour but -de determiner les quantites de co37ps en reaction a 

utiliser. lis ne revelent rien concernant la forme reelle dans 
laquelle TiCl^ et AlR2Hal sont presents. 

Le rapport en poids entre le TiCl^ ajoute dans 1» etape 
(a) et le TiCl^ ajoute dans 1' etape (c) est general ement com- 

35 pris entre 90:10 et 10:90. 

L'halogenure de dialcoylalumini\iiii utilise dans 1' etape 
(c) , si necessaire, peut §tre ajoute a un moment commode quel- 
conque, par exemple dans I'etape (a), durant I'etape (b) ou en 
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mSme temps que le TiCl^ dans I'etape (c). Oa prefere introduire 
le AlE2Hal a la fin de I'etape (b) , mais avant 1' addition de 
TiGl^ dans I'etape (c). Le TiCl^ est de preference agoute a 
une ter.perature et a une vitesse d* addition sensiblement cons- 
5 tantes de maniere cue le rapport TiCl^/AlE2Hal choisi compris 

entre 2:1 et 1:2 soit attaint en au moins une h.e\ire, mais pas en 
plus de 8 heures. Le TiCl^ et le AlR2Hal sont ajoutes commode- 
ment sous la forme d'une solution dans un alcane a des concen- 
trations comprises entre 0,5 et 2 moles par litre, par exemple. 

10 Des exemples d'alcanes utilisables ont ete donnes ci-dessus. 

Apres achevement de I'etape (c), la temperature du me- 
lange de reaction est portee au-dessus de 290^K, de preference 
au-dessus de 320*'K. Durant le chauff age a des temperatures au- 
dessus de 320°K, une quantite considerable du Ti'Cl^" forme est 

15 transforms e en la variete gamma, specialement a des tempera- 
tures comprises entre 550 et 570°K, des temperatures comprises 
entre 370 et ^3CK etant particulierement appropriees. 

II est avantageux d'effectuer le chauff age aAes tem- 
perat^lres de plus de 290*^K progressivement , c*est-a-dire en une 

20 periode d'au moins 2 heures. Par exemple, une periode de 1 a 5 
heures peut 6tre adoptee pour chaxiffage a des temperatures com- 
prises entre 240 et 295°K, une periode de 50 minutes a 2 heures 
pour reaction a 295'=*K, une periode de 1 a 5 heures pour chauf- 
fage a des temperattires comprises entre 295 et 430°K et une pe- 

25 riode de 30 minutes a 2 heures potir la transformation, a 430^K. 
De preference, une fois les reactions desirees terminees, le 
melange est refroidi au-dessous de 350**K, II est avantageux de 
maintenir les conditions de puissance specif i cue d* agitation 
specifiees ci-dessus aussi longtemps que la temperature du me- 

30 lange reactionnel est au-dessous de 290*^2, en particulier au- 
dessous de 350®K. Le gamma-TiCl^ ainsi obtenu peut etre lave a- 
vec un alcane ou traite avec un trialcoyl aluminium ou une base 
de Lewis, par exemple de I'oxyde de butyle, de maniere a rendre 
inoffensif tout dihalogenure d' alcoylaluminixim- Si on utilise 

55 un ether a cet effet, de preference la quantite de cet ether ne 
depasse pas 1 paxtie molaire pour 4 parties molaires de TiCl^, 
tandis que des quantites de 1 partie molaire d'ether pour 10 
parties molaires de TiCl^ peuve-t encore Stre avant ageus erne nt 
utilisees. 
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Four utilisation comme catalyseur de polymerisation, 
le gamnia-TiCl- est conHiiOdement active avec un monohalogenure de 
' dialcoylaluminium* Le rapport molaire entre AlR^Hal et TiCl- 
pei'/c §tre coispri^ entre 0,5:1 et 10:1, en particulier entre 
5 et 5:1* Des quantites fraiches d'halogenure de dialcoyl- 

aluminium peuvent, si on le desire, §tre ajoutees encore durant 
la polymerisation. 

Les groupes alcoyle du AIR^ utilise dans I'etape (a) 
et du AlH2Hal utilise dans I'etape (c) et dans I'activation 

1G du gamina-TiCl^ peuvent §tre ramifies ou non. En general, ils ne 
contiendront pas plus de 12 atomes de carbone. Des groupes 
ethyle sont preferes. L'halogene dans le AlR^^al est de prefe- 
rence du chlore. 

II est souliai table que, avant son utilisation dans la 

15 polymerisation, le catalyseur contenant du TiCl^ soit mis en 
contact avec assez de propene dans un diluant liquide a une 
temperature inferieure a 335*'K, en particulier entre 323 et 
553'^K, pour former au moins 0,1. g, de preference 2 a 20 g de * 
polymere par gramme de TiCl^. Commodement, une partie du mono- 

20 halogenure de di ale oyl aluminium utilise pour 1* activation est 
deja ajoutee a ce stade de "prepolymerisation" * Par exemple, 
on peut utiliser des quantites equimolaires de composes de 
1* aluminium et du titane. Durant la prepolymerisation, des 
pressions excessives, c*est-a-dire des pressions de propene de 

25 plus de 2 bars (rel) sont moins satisf aisantes. 

La polymerisation au moyen des compositions a base de 
trichlorure de titane obtenues selon 1* invention peut Stre con- 
duite comme dans le cas de tous les procedes connus et clas- 
siques dans lesquels on utilise TiCl^ comme catalyj^eur. Quand 

30 les termes polymerisation, polymeriser et polymere sont utili- 
ses ici, ils enr-lobent aussi copolyserisation , copolymeriser 
et copolymere. 

Les hydrocarbures non satures qui sont polymerises 
seion I'invention sont en particulier I'ethene, le propene et 

35 des alcenes superieurs, comme le butene-1 et le pentene-1., 
L 'inve: tion est importante aussi dans la polymerisation du 
styrene et de composes contenant plus d'une liaison non satu- 
ree, comme. le butadiene et d'autres dienes conjugues ou non, et 
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solution de molarite 3,2 de AlEt2Cl dans de I'isooctane, En une 
peri ode de 30 minutes, on ajoute ensuite 260 mmoles de TiCl^ 
sous la forme d*une solution de molarite 3,4 dans de I'iso- 
octane. On chauffe ensuite le melange de 245°K a 298^K en 1,5 
5 heure, on I'agite a cette temperature pendant 16 heures. En une 
periode de 1,5 tieure , la temperature est portee a 433''K et 
maintenue a ce niveau pendant 1 heure . Le gamma-TiCl^ ainsi 
obtenu est refroidi rapidement a la temperature ambiante et le 
liquide surnageant est rafra£chi quatre fois avec de I'iso- 

10 octane. 

(4) Po lyme ri s ati on 

lies polymerisations sont eTfectuees dans des reac- 
teurs de 3 litres contenant initialement 1,5 litre d'alcoylat 
d' aviation. Les suspensions diluees de gamma-TiCl^ des Examples 

15 1 et 2 et la solution de chlorure de diethylaluminiiim sont 

ajoutees en. quantites convenables pour donner des concentrations 
de Ti et de Al de 3 et de 6 mmoles par litre, respectivement. 
Du propene sec contenant 0,75 % en vol de H2 est introduit a 
343°B: a une pression de 1,5 bar (rel). Apres 3,5 heures, on 

20 arrSte la polymerisation par addition de 100 cm^ de n-butanol 
contenant iO % en poids de HGl. La solution de polymere est 
ensuite lavee deux fois avec une solution aqueuse a 1 % de HCl 
et deux fois a I'eau, traitee a la vapeur d'eau dans un creuset 
d'extraction pour elimination des substances volatiles, filtree 

25 et sechee. Le polymere prepare avec le catalyseur de -I'Exemple 1 
(production i4i g) a une viscosite intrinseque de 5,7 dl/g, une 
masse volumi que apparente de 0,2? g/cm"^, un diametre moyen de 
particules de 80 ^cm et \ine fluidite a I'etat de poudre de 
"13 secondes/lOb cm^. Le polymere obtenu avec le catalysexir de 

30 l*Exemple 2 (production 70 g) a une viscosite intrinseque de 

2,4- dl/g, une masse volumique apparente de 0,42 g/cm^, un dia- 
metre moyen de particules de 15O ^^um et une fluidite a I'etat 
de poudre de 12 secondes/1GO cm^. Les polymeres ne forment pas 
de poussiere. 

35 (5) Selon le mode operatoire de I'Exemple (4), on bomo- 

polymerise du propene en presence du catalyseur TiCl^ obtenu 
selon I'Exemple (3)« La production de polypropene est de ^7 z 
de polymere /g TiClx/h/atm, sa masse volumique apparente est de 
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0,56, la fluidite de la poudre est de 8 seccndes pour 100 cm^, 
la viscosite intrinseque est de 2,26 dl/g et la teneur en ma-' 
tieres solubles est de 2,6 % (dans I'iso-octane a 353°K). 
(6) Une homopolymerisation de propene est commencee en 

presence de gatPa-TiCl^ . obtenu selon I'Exemple (3). Les condi- 
tions senerales sonz telles que decrites dans I'Sxemple (^) , 
a ceci pres que la pression de propene est de ^,5 bars (abs). 
L' homopolymerisation est continuee pendant 2,5 heures, le me- 
lange reactionnel etant ensuite refroidi a 553°E. Ensuite, on 
remplace le propene par un melange d'etHene et de propene ' (rap- 
port molaire 50/50) sous la pression atmospherique. Apres 1,1 
heure, on arrete la polymerisation et le polypropene "renforce" 
resultant est isole et seche comme decrit dans I'Exemple (4). 
On obtient une poudre de polymere ayant les proprietes sui- 
15 vantes : teneur en ethene du polymere total 6,3 % en poids; 

teneur en copolymere du polymere total 9,6 % en poids; teneur 
en ethene du copolymere 6^ % en poids; viscosite intrinseque 
2,8 dl/g; limite elastique 58 m/m^; indice de fluidite a 
chaud 2,^ g/10 min. 
^0 (7) On repete I'Exemple (5), a ceci pres que le cataly- 

seur gamiia-TiCl^ utilise est lave trois fois avec une solution 
a I'isooctane contenant 2 % en vol d'oxyde de butyle. Le poly- 
propene resultant est obtenu a raison de 57 g/g a?iCl,/ii/atm. 
Eiiatieres solubles 6,9 -A, masse volumique apparente 0,57 g/cm^, 
25 limite elastique 28,5 iiU/m^, fluidite de la poudre 7,5 s/100 bm^. 
(8) A des fins de compsraison, une composition a base de 

TiClj est preparee comme decrit dans l'i:xemple 1, la difference 
etant que le TiCl^. utilise dans I'etape (c) est a^oute deja 
dans I'etape (a) a une temperature de 205°K. Le polymere pre- 
50 pare avec cette composition - obtenu par le mode operatoire 

de I'Exemple 4a raison de 60 g - a une viscosite intrinseque 
de 2,0 dl/g, une masse voliamique apparente de 0,28 g/cm^ et un 
diametre moyen de parti cules de pG/un. La poudre contient une 
forte proportion de particules tres fines et ne s'ecoule pas du 
3p tout. 
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- REY£NDIGATIONS - 

1 - Un precede pour la preparation d'une composition 
|l base de triclilorure de titane utilisable dans la polymerisa- 
tion d'hydrocarbures non satiires, precede qui comprend les . 
5 etapes stiivantes : 

(a) reduction de tetrachlorure de titane par addition 
d*au moins 0,9 partie molaire de tetrachlorure de titane a 1 par- 
tie molaire de trialcoylal\2minium a una temperature inf erieure 
a 220^ K, 

10 (b) elevation de la temperat\xre a une valeur comprise 

entre 220 et 270*E:, 

(c) addition dans cet intervalle de temperature d*une 
quantite supplementaire de tetrachlorure de titane represent ant 
au moins 5 % du TiCl^ utilise dans I'etape (a) et reglage^ si 

15 necessaire, de la quantite totale de monohalogenure de dialcoyl- 
aluminium de maniere qu'on obtienne un rapport molaire de TiCl^ 
a I'halogenur^ de dialcoylalnmi nlum compris entre 2:1 et 1:2 et 

(d) elevation ensuite de la temperature au-dessus de 

29o**e:. 

20 2 - Un precede selon la revendication 1, caracterise 

en ce que dans I'etape (a) on ajoute au moins 0,95. partie mo- 
laire de tetrachlorure de titane a 1 partie molaire de tri- 
al c oyl alumi ni urn . 

5 - Un precede selon la revendication 2, caracterise 

25 en ce que dans I'etape (a) on ajoute de 2,2 a 3,35 parties mo- 
laires de tetrachlorure de titane pour 1 partie molaire de tri- 
al c oylaluminixam • 

^ - Un precede selon la revendication 3, caracterise 
en ce que dans I'etape (a) on ajoute de 2,5 a 2,85 parties de 

50 TiCl^ pour 1 partie molaire de trialcoylaliuninium. 

5 - Un precede selon I'une des revendications prece- 
dentes, caracterise en ce que I'etape (a) est effectuee a une 
temperatvire comprise entre 15O et 210^K, 

6 - Un precede selon I'une des revendications prece- 
35 dentes, caracterise en ce que I'etape (a) est effectuee dans 

un hydrocarbure aliphatique. 

7 - Un precede selon la revendication 6, caracterise 
en ce que I'etape (a) est conduite a une temperature inferieure 
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a 160°K dans un alcane ayant un point de congelation inferieur 
de Ip'^K a la temperature de reaction. 

3 - Un precede selon I'une des revendications prece- 
de7::-7esj caracterise en ce que dans l*etape (a) on ajoute le 
5 -iCl^ 'trialcojlaluaininm en une periode de 0,5 a 5 heures. 

9 - Un proceda selon I'une des revendications prece- 
dent es, caracterise en ce que la temperature du produit de 
reaction de I'etape (a) est portee a unq^aleur superieure a 
29C**K et est ensuite ram.enee a une valeur comprise entre 220 
10 et 270«K (etape (b)). 

10 - Un precede selon I'une des revendications prece- 
dentes, caracterise en ce que dans I'etape (b) la temperature 
est portae a une valeiir comprise entre 250 et 255''K, 

11 - Un precede selon I'une des revendicatious prece- 
15 dentes, caracterise en ce que dans I'etape (c) le rapport mo- 

laire de TiCl^ a I'halogenure de dialcoylalTiminium est compris 
entre 2:1 et 1:1,2* 

12 - Un precede selon la revendication 11, caracterise 
en ce que ledit rapport molaire est compxis entre 1:0,65 et 

20 1:0,85 environ* 

13 - Un procede selon I'une des revendications prece- 
dentes, caracterise en ce que le rapport en poids du TiCl^ 
ajoute dans I'etape (a) au TiCl^ ajoute dans I'etape (c) est 
compris entre 90:10 et 10:90* 

25 14 - Un procede selon I'une des revendications prece- 

dentes, caracterise en ceque le monohalogenure de dialcoyl- 
aluminium est ajoute au melange de reaction de I'etape (a) a la 
fin de I'etape (b) ^ mais avant 1' addition de TiCl^ dans I'etape 
(c). 

30 15 _ Un procede selon I'une des revendications prece- 

dentes, caracterise en ce que dans I'etape (c) on ajoute pro- 
gressivement le TiCl^ en 1 a 8 iieures. 

16 — Un procede selon l*une des revendications prece- 
dentes, caracterise en ce que durant la preparation le melange 
55 reactionnel est agite avec une puissance specifique d'agitation 
de 80 a 800 W/m^. 

.17 - Un precede selon I'une des revendications prece- 
dentes, . caracterise en ce que le trialcoylaluaiinium et I'halo- 
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genure de dialcoylaluminium sont du trie thy laluiaiuium et du 
chlorure de diethylaltuninium, respectivemeat . 

18 - Ua precede selon I'une des revendications prece- 
dentes, caracterise en ce que dans I'etape (d) la temperatiire 
dn melange reactionnel est elevee de 570 a 450**E:. 

19 - Un precede selon I'une des revendications prece- 
dentes, caracterise en ce que la composition de I'etape (d) est 
mise en contact avec assez de propene dans un diluant liquide 
a une temperature comprise entre 323 et 335°K pour former de 
2 a 20 g de polymere par gramme de TiCl^. 

20 - Les compositions a base de tri chlorure de titane 
obtenues par un precede selon I'une des revendications prece- 
dentes. 

21 - Un precede pour la polymerisation d'hydrocarbures 
15 non satures, caracterise en ce qu'on utilise une composition 

selon la revendication 20. 

22 - Les polymeres obtenus par le precede se 1 on la 
revendication 21. 
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A Compound Based on Titanium Trichloride 
The present invention pertains to a procedure for the 
preparation of a compound based on titanium trichloride that can 
be used for the polymerization of unsaturated hydrocarbons, the 
compounds prepared in this matter, their use in polymerizations 
and the resulting polymers. 

According to the patent USA No. 1,120,079, it is known that 
one can prepare a compound based on titanium trichloride by 
adding titanium tetrachloride to trialkylaluminum at a 
temperature less than 243°K and by subsequently bringing the 
temperature to above SSS^'K. With this very active catalyst, 1- 
alkenes, propene in particular, can be polymerized in order to 
yield stereo- specif ic products that have an obviously increased 
volumetric mass, which allows strong concentrations of polymer in 
the boiling state in a diluent. However, it has been found that 
polymer particles can have an irregular shape, with the result of 
insufficient fluidity of the polymer powder. In addition, such a 
powder is comprised principally of very fine particles, which 
yield a powder that forms a dust. These properties are a 
disadvantage for handling at the facility if the polymer powder 
must be sold as is, that is to say without any preliminary 
treatment in a plasticizing machine for the formation of 

' Numbers in the margin indicate pagination in the foreign 
text . 



2 



extruding elements. 

A procedure has now been found for the preparation of a 
compound based on TiCla, which allows the preparation of stero- 
specific polymers of alkenes that do not form a dust, with an 
obviously high volumetric weight, with a high yield. This 
procedure includes the following stages: (a) reduction of 
titanium tetrachloride by the addition of at least 0.9, 
preferably at least 0.95 and preferably from 2.2 to 3.35 molar 
parts of titanium tetrachloride to 1 molar part of 
trialkylaluminum at a temperature less than 220°K, (b) elevation 
of the temperature to a value between 220 and 270°K, (c) the 
addition in this temperature range of an additional quantity of 
titanium tetrachloride that represents at least 5° of the TICI4 
used in stage (a) and adjustment, if necessary, of the total 
quantity of the dialkylaluminum mono-halogenide in such a manner 
that one can obtain a molar ratio of the TiCl4 to the 
dialkylaluminum halogenide between 2:1 and 1:2, in particular 
between 2:1 and 1:1.2 and (d) subsequent elevation of the 

temperature to above 290°K. 12. 

The stage (a) is carried out at a temperature less than 
220°K, conveniently in some diluents or inert solvents. The 
temperature can be as low as 120°K, a preferred range being that 
of 150 to 210°K. Before the introduction of TiGl4' and AIR3, the 
reaction vessel, including its cover, is preferably cooled to the 
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desired reaction temperature of less than 220°K. The diluents 
and solvents are traditionally saturated hydrocarbons that are 
liquid at the desired reaction temperature (T) , such as pentane, 
hexane and heptane. Aliphatic hydrocarbons and their mixtures 
are preferred. The atmospheric boiling point of the diluent or 
solvent is preferably between 290 and 400°K. In the lower part 
of the temperature range of the reaction in particular, that is 
below 180°K, one will preferably use alkenes having a 
solidification (freezing) point (at atmospheric pressure) below 
(T-5)°K and having at least two atoms of hydrogen attached to the 
same atom of carbon or to adjacent different atoms of carbon of 
the terminal carbon atoms of the longer carbon chain. The 
solidification point of these alkenes is preferably below (T- 
15) °C. Some examples of diluents that can be used at low 
temperatures are n-butane, 2 -methylbutane and n-pentane. 

The TiCl4 must be added progressively to the 
trialkylaluminum (AIR3) . The addition rate is determined mainly 
by the rate at which the reaction heat can be dissipated. 
However, even when the cooling is sufficient to maintain the low 
temperatures, the addition rate will have an influence on the 
properties of the TiCls that is formed. It is advantageous that 
the addition be extended over a period of at least 15 minutes, 
preferably between 0.5 and 5 hours. ' The TiCl^ can be added in 
the form of a continuous stream, but it is added in a more 
satisfactory way drop by drop by spraying or in a stream. 
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vigorous stirring of the reaction mixture is desirable. In 
general the specific stirring rate determined after completing 
the addition of TiCl^ must be maintained between 50 and 2000 
watts per cubic meter (of the liquid content of the Zl 
reaction vessel), between 80 and 800 W/m' in particular. The 
stirring rate is determined by measuring the torque of the drive 
motor and speed of the motor, as described in Chemical 
Engineering Progress 46 (1950) 395-404 and 467-477. It is 
recommended that there be no deflectors in the reaction 
container. Preferably, one will use high speed stirring units, 
for example turbine stirring units, which scavenge a volume of 
less than' 10% of the internal volume of the container in turn at 
a speed of terminations of more than 0.5 m/sec. 

In stage (a), preferably from 2.3 to 2.85 molar parts of 
TiCl^ and one molar part of AIR, are placed in contact below 
220°K. Some initial quantities of AIR, that can be used are 
between 0.1 and 3, between 0.5 and 1 mole per liter in 
particular. The TiCl4, also, is preferably added in the form of 
a solution in liquid alkane, conveniently at a concentration 
between 1 and 3 moles per liter. Before being added, the TiCl, 
that has been diluted can be cooled, but preferably below 210°K, 
in such a manner as to prevent any precipitation' of the solid 
TiCl^. 

In stage (b) , the reaction mixture temperature of stage (a) 
is brought to a value between 220 and 270°K, preferably between 
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230 and 255°K. It is desirable to maintain the specific stirring 
force during stages (b) , (c) and (d) included in the indicated 
range from 50 to 2000 Vl/m\ 

At temperatures less than 220°K the reduction of, for 
example, 2.2 to 2.35 molar parts of TiCl^ by 1 molar part of 
trialkylaluminum is generally produced according to the equation: 
(2.2-3.35) TiCl, + AIR3 -> TiCl3 + (1.2-2.35) TiCl, + A1R,C1 . 
Consequently, in the reaction product of stage (a) , the molar 
ratio of TiCl^ to AlR^Cl will be in this case between 1.2 and 
2.35, that is it is already partially in the range required for 
stage (c) . Heating of the product of stage (a) to a temperature 
between 220 and 270°K, however, does not produce the effect 
desired according to the invention. It turns out to Z4 
be necessary to add in stage (c) an additional quantity of TICI4 
and to regulate the quantity of AlR^Cl, if necessary, so that one 
can obtain the desired effect. However, by raising the 
temperature after stage (a) to a value of more, than 290°K, it is 
possible to complement the reduction according to the equation: 
(1.2-2.35) TiCl, + A1R,C1 -> TiCl3 + (0.2-1.35) TiCl, + AlRCL, . 
All of the TiCl^ remaining will be reduced as follows: 
TiCl, + AIRCI2 TiClj + AICI3. 

Once this reduction is completed, the temperature must brought to 
a value between 22 0 and 270°K (stage (b) . Next, one carries out 
the stage (c) by adding at this temperature at least 5% of the 
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quantity of TiCl^ used in stage (a) , the quantity of AlR^Cl being 
regulated at the desired level . 

Thus, in stage (c) , one will add an additional quantity of 
TiCl4 and one will cause it to react with a halogenide of 
dialkylaluminum (AlR^Hal) , the molar ratio of TiCl^ to AlR^Hal 
being preferably between 1:0.65 and 1:0.85. A very suitable 
ratio of TiCl^/AlR^Hal is about 1:0.75. 

It will be obvious that for the calculation of this ratio 
one must take into account all the quantities of TiCl^ and of 
AlRjHal, that is to say that the ""remaining quantities" of 
stage (a) and the quantities added during stages (b) and (c) . If 
after stage (a) one completes the reduction by increasing the 
temperature to a value of more than 290°K and by then bringing it 
to a value between 220 and 270°K, the remaining quantity of TiCl^ 
and of AlRjHal will be smaller (see the equations given earlier) . 
These calculations only have the goal of determining the 
quantities of substance and reaction to be used. They do not 
reveal anything pertaining to the actual form in which TiCl^ and 
AlRjHal are present . 

The ratio by weight between the TiCl^ added in stage (a) and 
the TiCl, added in stage (c) is generally between 90:10 and 
10:90. 

The halogenide of the dialkylaluminum used in stage (c) , if 
necessary, can be added at any convenient time, for example in 
stage (a) , during stage (b) or even at the same time as the /5 
TiCl^ in stage (c). . One prefers to introduce the AlR^Hal at the 
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end of stage (b) , but before the addition of TiCl4 in stage (c) . 

The TiCl^ is preferably added at a temperature and at a rate of 
addition that approximately constant in such a manner that the 
ratio TiCl^/AlRjHal that is selected between 2:1 and 1:2 are 
reached in at least one hour, but not in more than 8 hours. The 
TiCl, and the AlRjHal are added conveniently in the form of a 
solution in alkane at concentrations between 0.5 and 2 moles per 
liter, for example. Some examples of alkanes that can be used 
have been given earlier. 

After completion of stage (c) , the temperature of the 

reaction mixture is brought to above 290°K, preferably above 
320°K. During the heating to temperatures above 32 0°K a 
considerable quantity of the TiCl4 form is transformed into the 
gamma variety, especially at temperatures between 350 and 570°K, 
temperatures between 370 and 450°K being particularly suitable. 

It is advantageous to carry out the heating at temperatures 
of more than 290°K gradually, that is to say in a period of at 
least 2 hours. For example, a period from 1 to 3 hours can be 
adopted for heating at temperatures between 240 and 295°K, the 
period of 1 to 3 hours for heating at temperatures between 295 
and 43 0°K and a period from 30 minutes to 2 hours for the 
transformation at 430°K. Preferably, once the desired reactions 
are completed, the mixture is cooled to below 350°K. It is 
advantageous to keep the specific stirring force conditions as 
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specified earlier as long as the temperature of the reaction 
mixture is below 290°K, particularly below 350°K. The gamma-TiCl, 
thus obtained can be washed with an alkane or treated with a 
trialkylaluminum or a Lewis base, butyl oxide for example, in 
such a manner to make any alkyl aluminum dihalogenide harmless. 
If one uses an ether for this purpose, preferably the quantity of 
this ether does not exceed 1 molar part for 4 molar parts of 
TiCls, while quantities of 1 molar part of ether for 10 molar 
parts of TiCla can also be advantageously used. Z6 

For use as a polymerization catalyst, the gamma-TiCla is 
conveniently activated with a mono-halogenide of dialkylaluminum. 
The molar ratio between AlR^Hal and T±C1^ can be between 0.5:1 
and 10:1, in particular between 2:1 and 5:1. Some fresh 
quantities of dialkylaluminum halogenide, can, if one so desires, 
be added even during the polymerization. 

The alkyl groups of the AIR3 used in stage (a) and the 
AlRsHal used in stage (c) and in the activation gamma-TiClj can 
be branched or not. In general, they will not contain more than 
12 atoms of carbon. Some ethyl groups are preferred. The 
halogen in the AlR2Hal is preferably chlorine. 

It is desirable that, before its use in polymerization, the 
catalyst containing the TiCl3 be placed in contact with enough 
propane in a liquid diluent at a temperature less than 335°K, in 
particular between 323 and 333''K, in order to form at least 0.1 
g, preferably 2 to 20 g of polymer per gram of TiCl3 . 
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Conveniently, one part of the mono-halogenide of dialkylaluminum 
used for the activation is already added at this stage of ""pre- 
polymerization. » ' For example, one can use equimolar quantities 
of compounds of aluminum and titanium. During the pre- 
polymerization, some excessive pressures, that is to say 
pressures of propene of more than two bars (relative) are less 
satisfactory . 

The polymerization by means of compounds based on titanium 
trichloride obtained according to the invention can be carried 
out as in the case of all known and traditional procedures in 
which one uses TiCls as the catalysts. When the terms 
polymerization, polymerize and polymer are used here, they also 
include co-polymerization, to co-polymerize, and co-polymer. 

The unsaturated hydrocarbons that are polymerized according 
to the invention are in particular ethane, propene and higher 
alkenes, such as butene-1 and pentene-1. The invention is also 
important in the polymerization of styrene and compounds that 
contain more than 1 unsaturated bond, such as butadiene and other 
dienes, conjugated or not, and in the co-polymerization of two 
ethylene compounds that are not saturated or more. The invention 
is particularly interesting for the homo-polymerization of 
propene and for the co-polymerization of ethane and propene. /7 

The polymerization is produced normally in an inert liquid 
medium, that can also be carried out in a procedure without 
diluent. Particularly usable as solvents are diluents, 
hydrocarbons and halogenated hydrocarbons, the choice being 
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greater during the reduction at low temperature. The 
hydrocarbons can be aliphatic, cycloaliphatic or aromatic 
compounds, or can be of a mixed aliphatic and aromatic nature. 

In general, suitable concentrations of the compound of 
titanium during the polymerization are between 0.1 and 20 
milliatoms of titanium per liter (1 milliatom of titanium = 49 
mg) . Some stronger and weaker concentrations are possible, 
however . 

The temperatures during the polymerization is generally 
between 290 and 365°K, preferably between 330 and 345°K. 
Pressure can also be an important factor in the polymerization of 
gaseous olefins. This pressure is traditionally between 1 and 50 
bars and is rarely less than 1 bar absolute. 

If one so desires, the polymerization can be carried out in 
the presence of substances, for example hydrogen, which lower the 
molecular weight of the polymer. 
Examples 

(1) Preparation of compounds based on TiCl , 

Compounds based on TiCl3 are prepared in a glass reaction 
vessel having a capacity of 1 liter and a diameter less than 
approximately 9 cm. The reaction vessel is equipped with a 
turbine stirring unit with 6 blades that has a diameter of 5 cm 
and scavenges about 5% of the internal volume of the reaction 
vessel. In operation, the stirring unit furnishes a specific 
stirring force of 370/m' at 500 rpm. All operations are carried 
out under nitrogen and in the absence of water, oxygen and 
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aromatic hydrocarbons. The solvent used is an aviation grade 
alkylate that has a range of distillation of 373 to 385''K. /8 
The reaction vessel, including its cover, is cooled to 203°K and 
loaded with 248 cm^ of a solution containing 108 mmoles of 
triethylaluminum. In a period of 4 hours, 133 cm^ of a solution 
containing 3 00 mmoles of TiCl4 are added drop by drop (ratio 
Ti/Al = 2.77). One next allows the reaction vessel temperature 
to rise to 24°K in one hour. Next, one adds 12 8 cm^ of a 
solution containing 219 mmoles of diethyl aluminum chloride, 
which has been previously cooled to 243''K, Finally, over a 
period of 3 hours, one adds drop by drop 61 cm^ of a solution 
containing 100 mmoles of TiCl^ . The ratio of TiCl^ used in stage 
(a) to the TiCl^ used in stage (c) is 3:1. Some of the TiCl^ 
used in stage (a) , a quantity of 300-108 - 192 mmoles remains 
unaltered, while 108 mmoles of AlEt2Cl are formed. With the 
added 219 mmoles, there are 27 mmoles of AlEtsCl available in 
stage (c) , which furnish a ratio of TiCl4/AlEt3Cl of 292/327 = 
1:1.11. By maintaining the specific stirring .conditions 
mentioned earlier, one can allow the reaction mixture to reheat 
to 280°K over a period of 8 hours, and one keeps it at this 
temperature for 1 hour, one heats it to 428°K for 3 hours, one 
keeps it at 428°K for 1 hour and next one cools it to 293''K in 
0.5 hours. The gamma-TiCla thus obtained is diluted to a 
concentration of 50 mmoles per liter. 
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(2) One repeats example 1, the difference being an intermediate 
heating after stage (a) . After addition of the solution to TiCl^ 
to the solution of AlEta at 208°K, one heats the reaction mixture 
to 324°K over a period of 40 minutes and then one cools it to 
243°K over 20 minutes. Next, one carries out stages (c) and (d) 
as described in example 3. The molar ratio of the quantities of 
TiCl^ used in the stages (a) and (c) is 1:9; the molar ratio of 
TiCl4 at AlEt2Cl in stage (c) is 4:3. 

(3) Approximately as described in example (1) , one adds 140 
mmoles of TiCl^ over 30 minutes to 140 mmoles of AlEt3 at 173°K. 
The TiCl4 and AlEt3 are dissolved in some n-pentane at 
concentrations of 1.7 and 0.8 mole per liter, respectively. The 
reaction mixture is then heated to 243°K over a period of 1 hour, 
after which one adds 146 mmoles of a solution with molarity Z9 
3.2 of AlEt2 in isooctane. Over a period of 30 minutes one then 
adds 260 mmoles of TiCl4 in the form of a solution with molarity 
3.4 in isooctane. Next one heats the mixture from 243°K to 298°K 
in 1.5 hours, one stirs it at this temperature for 16 hours. 
Over a period of 1.5 hours the temperature is: brought to 433°K 
and kept at this level for 1 hour. The gamma-TiCls that is 
obtained is cooled quickly to ambient temperature and the surface 
liquid is replenished 4 times with the isooctane. 

(4) Polymerization 

The polymerization reactions are carried out in 3 liter 
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reaction vessels that initially contain 1.5 liters of aviation 
alkylate. The diluted suspensions of gamma-TiCla of examples 1 
and 2 and the solution of diethyl aluminum are added in suitable 
quantities to give concentrations of Ti and of Al of 3 and 6 
mmoles per liter respectively. Some dry propene containing 0.75% 
by volume of H2 is introduced at 343°K° at a pressure of 1.5 bars 
(relative) . After 3.5 hours one halts the polymerization by the 
addition 100 cm^ of n-butanol that contains 10% by weight of HCl . 

The polymer solution is then washed two times with aqueous 
solution with 1% HCl and two times in water, treated with water 
vapor in an extraction crucible for elimination of the volatile 
substances, filtered and dried. The polymer prepared with the 
catalyst of example 1 (production of 141 g) has an intrinsic 
viscosity of 3 . 7 dl/g, and apparent volumetric weight of 0.27 
g/cm^ and average diameter of particles of 80 microns and 
fluidity in the powder state of 13 seconds/100 cm''. The polymer 
obtained with the catalyst of example 2 (production of 70 g) , has 
an intrinsic viscosity of 2.4 dk/g, and apparent volumetric 
weight of 0.42 g/cm^ an average particle diameter of 150 microns 
and a fluidity in the powder state of 12 seconds/100 cm'. The 
polymers do not form a dust. 

(5) Based on the operating mode of example (4), one homo- 
polymerizes propene in the presence of the catalyst TiCls 
obtained according to example (3) . The production of polypropene 
is 47 g of polymer/g TiCl3 of TiCl3/h/atm, its apparent volumetric 
weight is 0.36, the fluidity of the powder is 8 seconds /lO 
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per 100 CTn\ the intrinsic viscosity is 2.26 dl/g and the content 
of soluble materials is 2.6% (in iso-octane at 353°K) . 

(6) A homo-polymerization of propene is initiated in the 
presence of gamma-TiCls obtained according to example (3) . The 
general conditions are those as described in example (4) , except 
that the pressure of propene is 4.5 bars (absolute) . The homo- 
polymerization is continued for 2.5 hours, the reaction mixture 
then being cooled to 333°K. Next, one replaces the propene by a 
mixture of ethane and propene (molar ratio 5/050) under 
atmospheric pressure. After 1.1 hour, one stops the 
polymerization and the strengthened • » polypropene that results 
is insulated and dried as described in example (4) . One obtains 
a powder of polymer material having the following properties: 
content of ethane of the total polymer 6.3% by weight; content of 
co-polymer of the total polymer 9.8% by weight; content of ethane 
of the co-polymer 64% by weight; intrinsic viscosity 2.8 dl/g/ 
elastic limit 28 MN/m'; index of fluidity in the war state 2.4 
g/10 min. 

(7) One repeats the example (5) , except that the catalyst gamma- 
TiCl3 used is washed three times with a solution in iso-octane 
that octane that contains 2% by volume of butyl oxide. The 
resulting polypropene is produced at a rate of 57 g/g 
TiCls/h/atm. Soluble materials are 6.9%, apparent volumetric 
weight is 0.37 g/cm\ elastic limit is 28.5 MN/m% fluidity of 
the powder is 7.5 s/lOO cm\ 

(8) For purposes of comparison a composition based on TiCl3 is 
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prepared as described in example 1, the only difference being 
that the TiCl4 used in stage (c) is already added in stage (a) at 
a temperature of 2 03°K. The polymer prepared with this 
composition - obtained by the operating mode of example 4 at the 
rate of 60 g - has an intrinsic viscosity of 2.0 dl/g, and 
apparent volumetric weight of 0.28 g/cm^ and an average particle 
diameter of 50 microns. The powder contains a high proportion of 
very fine particles and does not flow at all. /H 

CLAIMS 

1. A procedure for the preparation of a compound based on 
titanium trichloride that can be used for the polymerization of 
unsaturated hydrocarbons, a procedure that includes the following 
stages : 

(a) reduction of titanium tetrachloride by the addition of 
at least 0.9 molar parts of titanium tetrachloride to 1 molar 
part of trialkylaluminum at a temperature less than 22 0°K; 

(b) elevation of the temperature to a value between 220 and 

270°K; 

(c) addition in this temperature range of an additional 
quantity of titanium tetrachloride that represents at least 5% of 
the TiCl^ used in stage (a) and regulation, if necessary, of the 
total quantity of the dialkylaluminum mono-halogenide in such a 
manner that one obtains a molar ratio of TiCl^ to the halogenide 
of dialkylalumunim between 2:1 and 1:2 and 

(d) next, elevation of the temperature to about 290°K. 
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2 . A procedure according to claim 1 characterized in that 
in stage (a) one adds at least 0.95 molar parts of titanium 
tetrachloride to one molar part of trialkylaluminum. 

3 . A procedure according to claim 2 characterized in that 
in stage (a) one adds from 2.2 to 3.35 molar parts of titanium 
tetrachloride for every 1 molar part of trialkylaluminum. 

4. A procedure according to claim 3 characterized in that 
in stage (a) one adds from 2.3 to 2.85 parts of TiCl^ for 1 molar 
part of trialkylaluminum. 

5 . A procedure according to one of the preceding claims 
characterized in that stage (a) is carried out a temperature 

between 150 and 210°K. 

6. A process according to one of the preceding claims 
characterized in that the stage (a) is carried out in an 
aliphatic hydrocarbon. 

7 . A procedure according to claim 6 characterized in that 

the stage (a) is carried out at a temperature less than 180°K in 
an alkane having a consolidation point less than 15°K at the 

reaction temperature. . ' ' ' '/ 12 

8. A procedure according to one* of the preceding claims 
characterized in that stage (a) one adds the TiCl4 to the 
trialkylaluminum over a period of 0.5 to 5 hours. 

9 . A procedure according to one of the preceding claims 
characterized in that temperature of the reaction product of 
stage (a) is brought to a value greater than 290°K and is then 
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brought to a value between 220 and 270°K (stage (b) . 

10. A procedure according to one of the preceding claims 
characterized in that in stage (b) the temperature is brought to 

a value between 230 and 255°K. 

11. A procedure according to one of the preceding claims 
characterized in that in stage (c) the molar ratio of TiCl^ to 
the halogenide of dialkylaluminum is between 2:1 and 1:1.2. 

12. A procedure according to claim 11 characterized in that 
the said molar ratio is between 1:0.65 and 1:0.85 approximately. 

13. A procedure according to one of the preceding claims 
characterized in that the ratio by weight of the TiCl4 added in 
stage (a) to the TiCl4 added in stage (c) is between 90:10 and 
10:90. 

14 . A procedure according to one of the preceding claims 
characterized in that the mono-halogenide of dialkylaluminum is 
added to the reaction mixture of stage (a) at the end of stage 
(b) , but before the addition of TiCl^ in stage (c) . 

15. A procedure according to one of the preceding claims 
characterized in that stage (c) one adds gradually the TiCl^ over 
1 to 8 hours . 

16. A procedure according to, one of the preceding claims 
characterized in that during the preparation the reaction mixture 
is stirred with a specific stirring force from 80 to 800 w/m\ 

17. A procedure according to one of the preceding claims 
characterized in that the trialkylaluminum and the halogenide of 
dialkylaluminum are triethylaluminum and the chloride of diethyl 
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aluminum, respectively. /13 

18. A procedure according to one of the preceding claims 
characterized in that in stage (d) the temperature of the 
reaction mixture is raised from 370 to 450°K. 

19. A procedure according to one of the preceding claims 
characterized in that composition of stage (d) is placed in 
contact with enough propene in a liquid diluent at a temperate 
between 323 and 333°K to form from 2 to 20 g of polymer per game 
of TiCl3. 

20. The compounds based on titanium trichloride obtained by 
a procedure according to one of the preceding claims. 

21. A procedure for the polymerization of unsaturated 
hydrocarbons, characterized in that one uses a compound according 
to claim 20. 

22. The polymers obtained by the procedure according to 
claim 21. 
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